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Isolated mitral stenosis and isolated aortic insufficiency
impose unique and opposite loading conditions on the
left ventricle. To assess these combined effects, hemo-
dynamic and angiographic factors were compared among
normal subjects and patients with isolated mitral ste-
nosis, isolated aortic insufficiency or combined mitral
stenosis and aortic insufficiency. Left ventricular end-
diastolic volume index was lower in patients with com-
bined lesions and severe or moderate aortic insufficiency
than in patients with isolated severe or moderate aortic
insufficiency (138 ± 19 versus 206 ± 20 cc/m2 and 87
± 5 versus 145 ± 22 cc/m2, respectively) (p < 0.05 for
both). Left ventricular end-diastolic and end-systolic vol-
ume indexes were normal in two-thirds of patients with
combined lesions and moderate or severe aortic insuf-
ficiency, whereas these indexes were high in all but one
patient with isolated moderate or severe aortic
insufficiency.
Among patients with moderate or severe aortic in-
sufficiency, 8 of 14 with isolated insufficiency had a re-
duced ejection fraction or circumferential fiber short-
ening rate compared with 5of the 9 patients with combined
lesions. Among patients with isolated aortic insuffi-
ciency, left ventricular end-systolic wall stress and end-
diastolic and end-systolic volume indexes were higher (p
Isolated mitral stenosis often results in reduced left ven-
tricular filling and depressed ejection performance, yet sys-
tolic muscle function is usually normal under these circum-
stances (l). Isolated aortic insufficiency often results in
excessive left ventricular filling, depressed ejection perfor-
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< 0.05) in those with reduced ejection performance than
in those with normal ejection performance. These vari-
ables did not differ between patients with reduced or
normal ejection performance in the group with com-
bined lesions.
The contractile index (ratio of end-systolic wall stress
to end-systolic volume index) was significantly depressed
in patients with severe aortic insufficiency in the groups
with isolated aortic insufficiency or combined lesions.
Among patients with moderate or severe aortic insuffi-
ciency, 7 of 14 of those with an isolated lesion and 5 of
9 with combined lesions had a lower than normal linear
end-systolic wall stress/fractional shortening relation.
It is concluded that: 1) mitral stenosis reduces the left
ventricular volume overload of aortic insufficiency when
these lesions coexist; 2) elevated left ventricular wall
stress, excessive left ventricular dilation and reduced
shortening characterize patients with aortic insufficiency
and low ejection performance, but not patients with com-
bined mitral stenosis and aortic insufficiency and low
ejection performance, despite significant aortic insuffi-
ciency; and 3) the status ofteft ventricular systolic muscle
function in patients with combined lesions is not entirely
clear, but may involve a functional spectrum between
isolated mitral stenosis and isolated aortic insufficiency.
mance and abnormal systolic muscle function (2). Mitral
stenosis and aortic insufficiency frequently coexist in the
same patients (3-7), yet to our knowledge the net effects
of the combined lesions on the left ventricle have not been
examined systematically. We therefore studied several as-
pects of combined mitral stenosis and aortic insufficiency:
I) what are the resultant effects of the combined lesions on
left ventricular volumes?; 2) how are left ventricular loading
conditions related to ejection performance in patients with
these lesions?; and 3) what is the status of the left ventricular
systolic muscle function in such patients? We compared
hemodynamic and angiographic data from normal subjects
and patients with isolated mitral stenosis, isolated aortic
insufficiency and both lesions.
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Methods
Normal and patient groups. Normal group. Fifteen in-
dividuals who underwent cardiac catheterization because of
atypical chest pain syndromes constituted the normal group.
All had normal findings on biplane (300 right anterior oblique
and 600 left anterior oblique projections) left ventriculo-
grams and coronary angiograms. Nine of the 15 patients
had right heart catheterization and dye-dilution cardiac out-
put determinations, all of which were normal.
Patients with isolated mitral stenosis. The 16 patients in
this group underwent catheterization because of symptoms
related to their valvular disease. All had right and left heart
catheterization and dye-dilution cardiac output measure-
ments. Biplane left ventriculograms were performed in 14
patients and single plane (300 right anterior oblique projec-
tion) left ventriculograms in 2 patients. Coronary angio-
grams were performed in 14 patients and all were normal.
The two patients in whom coronary angiograms were not
performed were women, aged 31 and 32 years, respectively,
in whom coronary artery disease was not suspected clini-
cally. Six patients in this group had atrial fibrillation at the
time of the study.
Patients with isolated aortic insufficiency. This group
comprised 18 patients who underwent catheterization be-
cause of symptoms. All had right and left heart catheter-
ization and dye-dilution cardiac output measurements. Bi-
plane left ventriculograms were done in 16 patients and
single plane (300 right anterior oblique projection) left ven-
triculograms in 2 patients. All 18 had supravalvular aor-
tograms. Coronary angiograms were totally normal in 17
patients. One patient had a 50% stenosis in the mid-left
anterior descending coronary artery. One patient had a 5
mm Hg peak systolic aortic gradient and two patients had
a 15 mm Hg peak aortic gradient. Of the 14 patients who
were subsequently found to have moderate or severe aortic
insufficiency, three had class II New York Heart Association
symptoms of heart failure; six had class III symptoms and
four had class IV symptoms. One patient with moderate
aortic insufficiency had syncope, but no symptoms of heart
failure. All four patients who were subsequently found to
have mild aortic insufficiency had atypical symptoms of
fatigue and dyspnea or atypical chest pain.
Patients with combined mitral stenosis and aortic insuf-
ficiency . We reviewed the catheterization records of 118
patients, each of whom had at least one mitral valve lesion
and one aortic valve lesion. Of these 118 patients, 45 had
combined mitral stenosis with aortic insufficiency. Twenty-
eight of these patients were excluded from the study because
of significant degrees of mitral regurgitation or significant
coronary artery disease. The 17 remaining patients consti-
tuted the group with combined mitral stenosis and aortic
insufficiency. All 17 patients had right and left heart cath-
eterization and dye-dilution cardiac output determinations.
Sixteen had biplane left ventriculograms and one patient had
a single plane (300 right anterior oblique projection) left
ventriculogram. All had supravalvular aortograms. Coro-
nary angiography was normal in all 17 patients. None had
a systolic aortic valvular pressure gradient. Five patients
had functional class II, four had class III and seven had
class IV symptoms of heart failure.
Hemodynamic and angiographic analysis. All pres-
sures were recorded through fluid-filled catheters utilizing
Statham P23DB strain gauges and either Electronics for
Medicine DR8 or VRI2 multichannel recorders. The mitral
valve orifice area was calculated by the Gorlin method (8)
utilizing simultaneous pulmonary capillary wedge and left
ventricular diastolic pressures. Aortic insufficiency was
classified as mild (1 + to 2 + ), moderate (3 +) or severe
(4 + to 5 +) based on the aortogram (9).
Patients with combined lesions and those with isolated
aortic insufficiency were then classified into three pairs of
subgroups based on the angiographic severity of their aortic
insufficiency. Eight patients with combined lesions and four
with isolated aortic insufficiency had mild insufficiency.
Five with combined lesions and five with isolated aortic
insufficiency had moderate insufficiency. Four patients with
combined lesions and nine with isolated aortic insufficiency
had severe insufficiency. To further validate this subgroup-
ing and pairing of patients, regurgitant fraction was deter-
mined in each subgroup. Among patients with mild angio-
graphic aortic insufficiency, mean regurgitant fraction was
33 and 29%, respectively, in those with a combined or
isolated lesion. Among those patients with moderate angio-
graphic aortic insufficiency, mean regurgitant fraction was
43 and 47%, respectively, and in those with severe angio-
graphic aortic insufficiency, it was 61 and 65%, respec-
tively. No statistical differences in regurgitant fraction were
found between pairs of these patients with a combined or
isolated lesion.
Left ventricular volumes were determined at end-diastole
and end-systole by previously described methods (10). Ven-
triculographic analysis was confined to the first four beats,
excluding premature ventricular complexes. All normal sub-
jects and all patients with isolated aortic insufficiency were
in sinus rhythm; however, 6 patients with mitral stenosis
and 10 patients with combined lesions had atrial fibrillation
at the time of study. For patients with atrial fibrillation, left
ventricular volume analysis was performed on three separate
beats that were then averaged.
The following hemodynamic and angiographic indexes
were determined:
Ejection fraction (EF) = (EDV - ESV)/EDV, where
EDV and ESV = left ventricular end-diastolic and end-
systolic volume, respectively.
Fractional shortening (FS) = (DD - Ds)/DD' where DD
and DS = left ventricular minor axis dimensions at end-
diastole and end-systole, respectively.
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Velocity of circumferential fiber shortening (Vcf) =
FS/LVET, where LVET = left ventricular ejection time
measured as the time from initial increase of the central
aortic pressure to the dicrotic notch from recordings made
just before left ventriculography. Five successive pressure
pulses were analyzed and averaged in this manner. In three
patients with mitral stenosis, circumferential fiber short-
ening was not calculated because of inability to accurately
measure left ventricular ejection time.
Left ventricular mass index was calculated according to
the method of Rackley et al. (11).
End-systolic left ventricular wall stress (ESS) =
P . B [ hes b
2
]~ 1 - 2b - 2a2 '
where P = aortic dicrotic pressure, hes = end-systolic left
ventricular wall thickness determined by the method of Hu-
genholtz et al. (12), a = midwall hemi-major axis at end-
systole (L + hes)l2, and b = midwall hemi-minor axis at
end-systole (Ds + hes)/2. The above quantity was converted
to dynes/cm2 by multiplying by 1,332 dynes'cm2 'mm Hg.
Systemic vascular resistance (SVR) = (MAP - RA)/CO,
where MAP and RA = mean aortic and right atrial pressure,
respectively and CO = cardiac output. The above quantity
was multiplied by 80 to convert to dynes·s·cm- s.
Statistical analysis of patient groups and sub-
groups. For purposes of analysis, normal subjects and pa-
tients with mitral stenosis were each considered groups with-
out subsets, whereas patients with combined lesions or iso-
lated aortic insufficiency were subdivided into three pairs
of subgroups based on the severity of their aortic insuffi-
ciency. Patients with combined lesions were not further
subclassified on the basis of severity of mitral stenosis for
two reasons. First, the severity of mitral stenosis was uni-
form throughout the group with combined lesions (15 of 17
having moderate or severe mitral stenosis). Second, further
subclassification would have resulted in subgroups too small
and too numerous for a significant analysis. Data among
normal subjects and patients with mitral stenosis and the
three pairs of patients with combined lesions and isolated
aortic insufficiency were subjected to two-way analysis of
variance. When any statistical difference was detected, all
combinations were then analyzed for specific differences at
the probability (p) < 0.05 level by the Newman-Keuls test
(13). Student's t test was employed only when comparisons
were made between isolated pairs of data not submitted to
analysis of variance. The stress-shortening relation was sub-
jected to linear regression analysis.
Results
Analyses of age, heart rate, mean aortic pressure, cardiac
index, systemic vascular resistance, left ventricular end-
diastolic wall thickness and left ventricular mass index are
shown in Table 1. The mean mitral valve orifice area was
1.1 cm2 for patients with isolated mitral stenosis and for
patients with combined lesions.
End-diastolic volume (Fig. lA). Patients with isolated
moderate or severe aortic insufficiency had a significantly
larger end-diastolic volume index than either normal sub-
jects or patients with mitral stenosis. (In fact, all patients
with severe as well as four of five with moderate aortic
insufficiency had an end-diastolic volume index beyond the
range seen among normal subjects and patients with mitral
stenosis.) Importantly, patients with combined lesions and
moderate or severe aortic insufficiency had a significantly
smaller end-diastolic volume index than their counterparts
with isolated insufficiency. End-diastolic volume index was
normal in one patient with combined lesions and severe
aortic insufficiency and in all patients with combined lesions
and moderate insufficiency. Thus, left ventricular dilation
at end-diastole is diminished when mitral stenosis com-
pounds aortic insufficiency. In fact, end-diastolic volume
Table 1. Hemodynamic and Angiographic Variables Among Normal Individuals (N). Patients With Isolated Mitral Stenosis (MS)
and Subgroups of Patients With Combined Lesions (MSAI) or Isolated Aortic Insufficiency (AI) With Varying Severity
of Insufficiency
Age HR CI MAP SVR hed LV MaSSI
Group (yr) (beats/min) (liters/min per m2) (mm Hg) (dynes'cm's - 5) (mmHg) (g/m2)
N 50 ± 4 67 ± 2 3.1 ± 0.3 96 ± 3 1320 ± 137 8.3 ± 0.5 99 ± 9
MS 50 ± 3 83 ± 5 2.8 ± 0.2 87 ± 3 1564 :t 143 9.4 :t 0.5 106 :t 10
MSAlsev 51 :t 8 73 :t 8 2.7 :t 0.5 93 :t I 1564 :t 274 11.2 :t 1.4 154 :t 34
Alsev 51 :t 6 81 :t 4 2.6 :t 0.2 92 :t 6 1434 :t 103 11.7 ± 1.2 178 :t 23*
MSAlmod 50 :t 5 81 :t 4 2.8 :t 0.2 93 ± 4 1706 :t 167 10.1 :t 1.3 111 :t 19
Almod 62 :t 7 70 ± 4 2.5 ± 0.2 97 :t 10 1620 :t 206 12.0 ± 1.0 ISO ± 12
MSAlmild 58 :t 4 76 ± 4 2.5 :t 0.3 95 :t 9 1858 :t 120 10.5 ± 0.7 127 :t II
Almild 55 ± 2 68 ± 6 2.9 ± 0.4 III :t 7 1712 :t 334 II.I :t 1.1 100:t11
*p < 0.05: Alsev versus (N. Almi1d). Almild = isolated mild AI; Almod = isolated moderate AI; Alsev = isolated severe AI; CI = cardiac index; hed
= left ventricular end-diastolic wall thickness; HR = heart rate; LV MaSSI = left ventricular mass index; MAP = mean aortic pressure; MSAlmild
=combined MS and mild AI; MSAlmod = combined MS and moderate AI; MSAIsev = combined MS and severe AI; SVR = systemic vascular resistance.
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Figure 1. Left ventricular volume indexes. Top,
Left ventricular end-diastolic volume index (EDVI)
among normal subjects (N), patients with isolated
mitral stenosis (MS) and patients with aortic insuf-
ficiency (AI) of severe (SEV), moderate (MOD) or
mild degree alone or in combination with mitral
stenosis (MSAI). Mean ± standard errors accom-
pany values for each group. p < 0.05 isolated severe
aortic insufficiency versus all other groups; com-
bined mitral stenosis and severe aortic insufficiency
versus all other groups. Bottom, Left ventricular
end-systolic volume index (ESVI) in the same groups.
Mean ± standard errors accompany values for each
group. p < 0.05 isolated severe aortic insufficiency
versus all groups except isolated moderate aortic
insufficiency.
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index remains normal in combined mitral stenosis and aortic
insufficiency unless aortic insufficiency is severe. Despite
moderate or even severe aortic insufficiency, mitral stenosis
prevents the degree of left ventricular dilation that might be
expected from comparable degrees of aortic insufficiency
alone.
End-systolic volume (Fig. 1, top). Patients with severe
isolated aortic insufficiency had a significantly greater end-
systolic volume index than did either normal subjects or
patients with mitral stenosis. End-systolic volume index
among four of the five patients with moderate aortic insuf-
ficiency was beyond the normal range. Among patients with
combined lesions, half of those with severe and all but one
with moderate aortic insufficiency had a normal end-systolic
volume index. Importantly, among patients with severe aor-
tic insufficiency, patients with combined lesions had a sig-
nificantly smaller volume index than did those with isolated
insufficiency. Among patients with moderate aortic insuf-
ficiency, those with combined lesions tended to have a smaller
end-systolic volume index than those with isolated insuf-
ficiency, but this difference was not statistically significant.
Therefore, the left ventricle remains large at end-systole in
patients with isolated aortic insufficiency, whereas in most
patients with combined lesions the left ventricle empties to
a clearly normal end-systolic volume.
Ejection performance (Fig. 2 and 3). Our previous
study of patients with isolated mitral stenosis showed that
alterations in left ventricular loading conditions, rather than
systolic muscle dysfunction, account for the reduced ejec-
tion indexes observed among many patients with mitral ste-
nosis. In contrast, it seems likely that a reduced ejection
index associated with isolated aortic insufficiency is due to
left ventricular muscle dysfunction.
To evaluate the net effects of combined mitral stenosis
and aortic insufficiency on left ventricular ejection perfor-
mance, we determined ejection fraction and circumferential
fiber shortening rate in our patient groups (Fig. 2). A re-
duced ejection index (ejection fraction below 0.50 or ve-
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EF locity of circumferential fiber shortening below 0.90 sec-
ond - I) was observed almost as often in patients with combined
lesions as in patients with isolated aortic insufficiency of
comparable severity. The lowest mean ejection fraction was
seen among the 14 patients with isolated moderate or severe
aortic insufficiency; 5 in this subset had an ejection fraction
below 0.50. Of the nine patients with combined lesions and
moderate or severe aortic insufficiency, two had an ejection
fraction below 0.50. The 14 patients with isolated moderate
or severe aortic insufficiency had the lowest mean values
for circumferential fiber shortening rate; in 8 of these pa-
tients it was below 0.90 second - 1• Of the nine patients with
combined lesions and with moderate or severe aortic in-
sufficiency this index was below 0.90 second -1 in five
patients.
Because the determinants of left ventricular ejection per-
formance may differ in isolated mitral stenosis and isolated
aortic insl.\fficiency, it had to be determined how patients
with combined lesions and reduced ejection indexes com-
pared with similar patients with normal ejection indexes.
Therefore, we classified patients with combined lesions and
moderate or severe aortic insufficiency into two additional
subgroups, those with reduced and those with normal ejec-
tion performance. Similarly, patients with isolated moderate
or severe aortic insufficiency were classified on the basis of
their ejection performance (Fig. 3). In patients with isolated
aortic insufficiency, those with reduced ejection perform-
ance had higher left ventricular end-systolic wall stress and
larger end-diastolic and end-systolic volume indexes than
did those with normal ejection performance. In contrast,
these variables did not differ among patients with combined
lesions and reduced or normal ejection performance. There-
fore, in patients with combined mitral stenosis with signif-
icant degrees of aortic insufficiency, the abnormally ejecting
left ventricle could not be distinguished from the normally
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Figure 2. Top, Ejection fraction (EF) among normal subjects,
patients with isolated mitral stenosis (MS), patients with combined
mitral stenosis and aortic insufficiency (MSAI) and patients with
isolated aortic insufficiency (AI). Mean ± standard errors accom-
pany values for each group. Analysis of variance showed some
differences among subgroups of aortic insufficiency on removal
of mitral stenosis; however, no significant difference existed among
specific subgroups. Bottom, Velocity of circumferential fiber
shortening (VCF) among the four subgroups. Mean ± standard
errors accompany values for each group. p < 0.05 severe versus
mild isolated aortic insufficiency.
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Figure 4. Ratio of left ventricular end-
systolic wall stress (ESS) to end-systolic
volume index (ESVI) among normal sub-
jects and various patient subgroups. Mean
± standard errors accompany values for
each group. p < 0.05 isolated severe aor-
tic insufficiency versus normal (N) and
mitral stenosis (MS) group; mitral ste-
nosis and severe aortic insufficiency ver-
sus normal subjects. (See Table I for group
abbreviations. )
Figure 5. The linear relation between left ventricular end-systolic
wall stress (ESS) and fractional shortening (FS) obtained for nor-
mal subjects (closed circles). The dashed lines represent 95%
confidence limits above and below the solid regression line. Also
plotted are values from patients with moderate or severe aortic
insufficiency alone (AI, open circles) or in combination with mitral
stenosis (MSAI, closed squares). r = correlation coefficient.
In addition to systolic muscle function, loading condi-
tions are important determinations of left ventricular ejection
performance (15-19). Patients with isolated mitral stenosis
may have reduced left ventricular filling and decreased ejec-
tion indexes (20-22). Recent work (1) has confirmed these
findings. Moreover, we defined elevated wall stress, re-
duced systolic wall thickness and inadequate Frank-Starling
compensation as loading imbalances that explain reduced
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Mitral stenosis and aortic insufficiency frequently coexist
(3-7). Proper understanding of the hemodynamic conse-
quences of each lesion is important for medical or surgical
therapy to be successful. Treatment of patients with aortic
insufficiency alone is still controversial (14). Coexistent
mitral stenosis may well increase the complexity of assess-
ing cardiac performance in such patients.
Discussion
ejecting ventricle on the basis of high afterload or excessive
dilation.
End-systolic stress/volume relations (Fig. 4). Left
ventricular wall stress at end-systole may be appropriate or
inappropriate for end-systolic volume, depending on systolic
muscle function. Therefore, we examined the ratio of end-
systolic wall stress to end-systolic volume index (ESS/ESVI).
All patients with severe aortic insufficiency alone or in com-
bination with mitral stenosis had a clear-cut depression in
this contractile index. Compared with findings in normal
subjects and patients with mitral stenosis, the addition of
any diastolic overload (that is, all patients with combined
lesions or isolated aortic insufficiency) tended to reduce the
ratio of ESS/ESVI, although overlap of values between
subgroups prevented absolute statistical separation with the
exception of patients with severe aortic insufficiency alone
or combined with mitral stenosis.
End-systolic stress-fractional shortening relation
(Fig. 5). The relation between end-systolic stress and frac-
tional shortening obtained from normal individuals was lin-
ear. Values obtained from 7 of the 14 patients with isolated
moderate or severe aortic insufficiency as well as 5 of the
9 patients with combined lesions and comparable aortic
insufficiency fell below the 95% confidence limits of normal.
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ejection performance in many patients with mitral stenosis.
Furthermore, left ventricular muscle function is usually nor-
mal in these individuals and the response to mitral valve
surgery is generally good (7). In aortic insufficiency, wall
stress is elevated (2,23-28). Unlike patients with mitral
stenosis, patients with aortic insufficiency and reduced ejec-
tion performance usually have abnormal systolic left ven-
tricular muscle function (23,25-27,29-31). Such patients
may show a less favorable response to surgery (26,29,30-34).
Whereas isolated mitral stenosis and isolated aortic insuf-
ficiency have opposite effects on left ventricular loading
conditions, our results show that mitral stenosis clearly re-
duces the left ventricular volume overload from coexistent
aortic insufficiency.
Among patients with combined lesions, end-diastolic
volume index was normal in all those with moderate aortic
insufficiency and even in one patient with severe aortic
insufficiency. Moreover, end-diastolic volume index in pa-
tients with moderate or severe aortic insufficiency was smaller
in those with combined lesions than in those with isolated
insufficiency. Therefore, mitral stenosis is powerful enough
to limit left ventricular dilation from all but severe aortic
insufficiency and it prevents the degree of left ventricular
dilation that would otherwise be expected from the aortic
insufficiency alone.
Mechanism of limitation of left ventricular volume
overload. How mitral stenosis limits the left ventricular
volume overload from aortic insufficiency is not clear. One
simple possibility is that the left ventricle is small early in
the natural history, yet in enough time the volume overload
of aortic insufficiency would offset the volume limitation
of mitral stenosis. All of our patient groups had similar age
ranges; therefore, disparities in the natural courses of these
lesions is less likely. Conceivably, changes within the left
ventricular myocardium associated with rheumatic disease
(35) impose a "myocardial restrictive" defect on left ven-
tricular dilation. This seems unlikely, because reduced left
ventricular diastolic distensibility in the presence of signif-
icant aortic insufficiency would lead to very high left ven-
tricular end-diastolic pressure. In fact, almost all patients
with combined lesions and severe or moderate aortic in-
sufficiency had normal end-diastolic pressure. It could be
that diastolic regurgitant flow from aortic insufficiency may
aggravate the tendency toward reduced antegrade flow across
an already stenotic mitral orifice. Perhaps this "competi-
tion" between diastolic aortic regurgitation and diastolic
transmitral flow keeps the left ventricle smaller than it would
be if mitral flow were not impeded.
Effect of atrial fibrillation on ventricular volume.
Does atrial fibrillation reduce left ventricular volume in pa-
tients with combined mitral stenosis and aortic insuffi-
ciency? Only one such patient with severe aortic insuffi-
ciency was in atrial fibrillation, yet, this patient had the
largest end-diastolic volume index among that subgroup.
The three patients with combined lesions and moderate aor-
tic insufficiency and atrial fibrillation also had the largest
end-diastolic volume index among their subgroup. There-
fore, atrial fibrillation alone did not lower end-diastolic vol-
ume index in patients with combined mitral stenosis and
moderate or severe aortic insufficiency.
Ventricular shortening (end-systolic volume) in com-
bined mitral stenosis and aortic insufficiency. In isolated
aortic insufficiency an increase in left ventricular size at
end-systole is unfavorable (25,29,30,36). Presumably, a
large end-systolic left ventricular volume or dimension is
related to significant muscle dysfunction. Accordingly, all
but one of our patients with isolated moderate or severe
aortic insufficiency had a large end-systolic volume index
and all but one of these patients had symptoms of heart
failure. Yet, most patients with combined lesions and mod-
erate or severe aortic insufficiency had a normal volume
index. This suggests that adequate left ventricular shortening
is maintained in patients with combined lesions despite sig-
nificant aortic insufficiency.
Ejection performance in combined mitral stenosis and
insufficiency. Among our patients with isolated significant
aortic insufficiency, over half had reduced ejection perfor-
mance, consistent with findings in other studies (24,34-37).
Yet, 56% of patients with combined mitral stenosis and
moderate or severe aortic insufficiency also had reduced
ejection performance. Among patients with isolated aortic
insufficiency, those with reduced ejection performance had
higher wall stress, more left ventricular dilation and larger
end-systolic volumes than did those with normal ejection
performance. In contrast, in patients with combined lesions,
end-systolic wall stress and end-diastolic and end-systolic
volumes were not significantly different in those with re-
duced or normal ejection performance. Therefore, in com-
bined mitral stenosis and aortic insufficiency reduced ejec-
tion performance is not associated with the left ventricular
loading characteristics of isolated aortic insufficiency or iso-
lated mitral stenosis with reduced performance.
Contractile performance in combined mitral stenosis
and aortic insufficiency. Is systolic muscle function de-
pressed in combined mitral stenosis and aortic insufficiency?
Values of the ratio of end-systolic stress/end-systolic volume
index tended to be lower in all patients with aortic insuf-
ficiency and combined lesions than in normal subjects and
patients with mitral stenosis. Only patients with severe aortic
insufficiency alone or in combination with mitral stenosis
had statistically significant depression in this contractile in-
dex. Unfortunately, overlap of end-systolic stress/end-sys-
tolic volume index values among subgroups prevented sep-
aration between other patients with combined lesions.
Further suspicion of reduced contractile performance is
aroused by the fact that half of the patients with isolated
moderate or severe aortic insufficiency and more than half
of patients with combined lesions and moderate or severe
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aortic insufficiency had a lower than normal end-systolic
stress-fractional shortening relation. However, this finding
must be interpreted with caution for two reasons. First, only
single (at rest) values of end-systolic stress and fractional
shortening were obtained. Second, although this relation
has been useful in identifying some patients with reduced
contractile performance (38-41), the effects of enhanced
preload (as in aortic insufficiency) or limited preload (as in
mitral stenosis) on the end-systolic stress-fractional short-
ening relation are not entirely clear. One might speculate
that the reduced left ventricular volume overload among
patients with combined mitral stenosis and aortic insuffi-
ciency compared with that in patients with isolated aortic
insufficiency affords the left ventricle sufficient myocardial
reserve to minimize loading imbalances, thereby maintain-
ing normal ejection performance in most patients with com-
bined lesions. We suspect, however, that left ventricular
muscle function in combined lesions is situated on a spec-
trum between isolated aortic insufficiency (in which it is
often abnormal) and isolated mitral stenosis, (in which it is
usually normal) although our data do not firmly support this
conclusion.
Conclusions. We have concluded that: 1) mitral stenosis
reduces the left ventricular volume overload from coexistent
aortic insufficiency. 2) In isolated aortic insufficiency, ex-
cessive left ventricular dilation, high wall stress, and im-
paired systolic muscle function lead to reduced left ven-
tricular ejection performance. In isolated mitral stenosis,
systolic muscle function is usually normal; high wall stress,
reduced left ventricular volume and diminished systolic
wall thickness explain a low ejection index when present.
However, reduced ejection performance in patients with
combined aortic insufficiency and mitral stenosis cannot be
totally explained by the left ventricular loading character-
istics of each lesion alone. 3) The status of left ventricular
systolic muscle function in combined mitral stenosis and
aortic insufficiency is unclear but may involve a functional
spectrum between isolated aortic insufficiency and isolated
mitral stenosis.
We gratefully acknowledge the efforts of Cassandra Frazier, Rosalie Rat-
kiewicz, Charles Hall and Henry A. Gash in completion of this project
and manuscript.
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